The present analysis was undertaken to evaluate postprandial (PP) changes in blood pressure (BP) assessed with ambulatory BP monitoring (ABPM) in elderly subjects with isolated systolic hypertension (ISH) on conventional measurement. A total of 530 patients (335 women and 195 men, aged 60-100 years, median 70 years) who performed an ABPM during the placebo runin period of the Syst-Eur trial were included into the analysis. The PP changes in BP and heart rate (HR) were calculated by subtracting the mean systolic BP (SBP), diastolic BP (DBP) and HR in the 2 h preceding the main meal from the corresponding means covering the 2 h after the meal. The reproducibility of the postprandial fall in BP and heart rate (PPH) was assessed by contrasting the first and second ABPM in a subgroup of 147 patients who performed two ABPM's during the placebo run-in period. The mean SBP and DBP decreased and reached the nadir 2 h after the main meal while HR did not change. When PPH was assessed by comparing BP
Introduction
Significant reductions in blood pressure (BP) after mixed-meals or oral glucose have been observed in elderly healthy, hypertensive or diabetic patients, and in patients with Parkinson's disease or autonomic insufficiency. [1] [2] [3] Although the underlying mechanisms are not well established, the increase in concentration of vasoactive gastrointestinal peptides or insulin-related vasodilatation have been in the 2 h before and after the meal, both SBP and DBP decreased significantly (respectively −6.6 mm Hg, −5.4 mm Hg; P Ͻ 0.001). In 67.6% of all patients a decrease in SBP was observed and in 24.1% it exceeded 16 mm Hg. The corresponding values for DBP were 71.3% and 24.5% (DBP decreased more than 12 mm Hg). A greater fall in DBP was associated with a greater decrease in HR (r = 0.20, P Ͻ 0.001), while changes in SBP and HR were not interrelated. Regression analysis did not identify any significant covariate of PPH. Group means of PPH could be reproduced without significant changes in their values, but the within-subject reproducibility of the PP changes was low. There were no differences in PPH according to the place of residence of the patients. In conclusion, the descriptive analysis of the meal-induced changes in ABPM in elderly subjects with ISH showed that in every day circumstances most of them experience falls in both SBP and DBP within 2 h after the meal.
suggested as a reason of this phenomenon. 1, 4 Ageassociated cardiovascular changes such as arterial stiffness and left ventricular diastolic dysfunction may cumulatively produce alterations in BP regulatory mechanisms that impair an older person's ability to adapt to hypotensive stress. 5 Moreover, the blunted baroreceptor reaction in elderly hypertensive patients may be partially responsible for profound postprandial hypotention. It has been demonstrated that patients with a history of falls or syncope present with a more distinct BP decrease after meals. 6 Isolated systolic hypertension (ISH) remains an important feature of aging associated with a diminished baroreceptor function and susceptibility to orthostatic hypotention. 7 Nowadays, 24-h ambulatory BP monitoring (ABPM) is used widely in research and everyday clinical practice and remains the method of choice to evaluate fluctuations in BP in hypertensive and normotensive subjects. As to the best of our knowledge the literature describing the influence of meals on the 24-h BP profile is scarce, it seemed interesting to undertake the present analysis to evaluate changes in BP in patients with ISH in relation to the main meal.
Patients and methods
The protocol of the multicentre SYST-EUR trial and its side-project on ABPM has been published elsewhere. 8, 9 After discontinuation of all anti-hypertensive drugs, the participants (у60 years) first entered a single-blind period on placebo, during which eligible patients maintained a sitting systolic BP (SBP) of 160-219 mm Hg and a diastolic BP (DBP) below 95 mm Hg on conventional measurement. Ambulatory pressure was recorded non-invasively at intervals not greater than 30 min. A total of 578 patients included into the SYST-EUR (on August 1995) had their ABPM measured at least once during the placebo run-in period phase. Of these 48 were excluded from the analysis because their ABPM recordings were incomplete (n = 26), the time of the main meal was missing (n = 18) or BP measurements during 1 h preceding or after meal were missing (n = 4). The ABPM recordings of the remaining 530 patients were included into analysis. In a subgroup of 147 patients ABPM had been repeated during the baseline period on placebo.
The postprandial change in BP and heart rate (HR) was calculated by subtracting the mean SBP, DBP and HR in the 2 h preceding the main meal (according to the patients' diaries) from the corresponding means from the 2 h after the main meal. All analyses were performed in the entire group of patients (n = 530) and separately in subjects taking their main meal between 11.00 am and 2.00 pm (n = 296), and between 5.00 pm and 8.00 pm (n = 130).
Statistical analysis
Database management and statistical analyses were performed with the SAS software (The SAS institute Inc, Cary, NC, USA). Unless otherwise indicated the standard deviation (s.d.) was used to report the spread of the results. In order to identify factors that may contribute to the postprandial BP fall, a subgroup and single and multiple linear regression analyses were performed. For multiple means comparisons Ducan's test was used. The reproducibility of the postprandial changes in BP was assessed by contrasting the first and second BP monitoring. The repeatability coefficients were calculated as 2 s.d. of the differences between repeated measurements. To allow comparisons between various measurements the repeatibility coefficients were expressed as percentages of nearly maximal biological variation, ie, four times the s.d. of the averaged duplicate measurements. 
Results
The ABPM recordings of 530 patients were included into analysis. This group consisted of 335 women and 195 men, aged 60-100 years (median 70 years), with mean body mass index of 26.9 ± 4.2 kg/m 2 (women) and 26.2 ± 3.4 kg/m 2 (men). Cardiovascular complications were present in 27% of the patients. The main meal was taken between 10.30 am and 11.00 pm, but 95% of patients took their main meal between 11.45 am and 7.00 pm.
In the entire group SBP and DBP decreased after the main meal reaching a minimum 1-2 h after the main meal. Heart rate was similar before and after the main meal (Figure 1 ). When the postprandial change in BP was assessed by comparing the average BP in the 2 h before and after the meal both SBP and DBP decreased significantly but HR remained unchanged ( Table 1 ). The analysis of these changes according to the time of the main meal did not reveal any differences between subjects who had their main meal in the afternoon or in the evening. The histogram of postprandial fluctuations demonstrates that in 67.6% of the patients a decrease in SBP was observed and 24.1% showed a decrease of more than 16 mm Hg ( Figure 2 ). The analysis of the DBP changes shows that in 71.3% DBP decreased and in 24.5% this decrease exceeded 12 mm Hg (Figure 3) . Single correlations between changes in BP and HR in the entire group demonstrated that a greater fall in DBP was associated with a greater decrease in HR (r = 0.20, P Ͻ 0.001). In contrast, changes in SBP and HR were not interrelated. Subgroup and regression analysis did not identify any significant covariate of the postprandial changes in BP and pulse rate. In both analyses the following variables were included: age, gender, body mass index, level of BP (and pulse pressure) on conventional measurement, the orthostatic change in BP, the nocturnal fall in BP, the 24-h and daytime s.d. of BP (with exclusion of the 2 h before and after the main meal), the presence of cardiovascular complications, drinking and smoking habits (discrete and continuous), log serum activity of gammaglutamyltranspeptydase, presence of diabetes mel- litus, R-wave amplitude in aVL and the Sokolov index (SV1 + RV5), and anti-hypertensive treatment in the 6 months preceeding enrolment in the study. Group means of postprandial changes in SBP, DBP and HR could be reproduced without significant changes in their values (Table 2) . However, the within-subject reproducibility of the postprandial changes was rather low as expressed by the high repeatability coefficients. The reproducibility of the postprandial BP and HR changes did not differ between patients who took their meal in the afternoon or evening. The postprandial changes in BP and HR were also analysed according to the place of residence (Table 3) . Although patients from Southern Europe (n = 166) showed a higher decrease in SBP (−8.1 ± mm Hg) and DBP (−6.4 ± mm Hg) in comparison with patients living in Northern Europe (n = 340) (respectively, −5.9 ± mm Hg, −5.1 ± mm Hg), the differences between these falls did not achieve statistical significance.
Discussion
The analysis of ambulatory BP recordings in 530 elderly patients with isolated systolic hypertension showed that within 2 h after the main meal about 70% of subjects experienced a decrease in BP. In nearly one-quarter of them this decrease exceeded 16 mm Hg for systolic or 12 mm Hg for diastolic BP. At the same time, an average heart rate did not show significant changes. The epidemiological prevalence and magnitude of meal-induced changes in BP remains unknown. 10 As it has been shown in clinical studies BP reaches a nadir between 30 and 60 min after the meal, but it may appear as early as after 15 min or as late as after 75 min.
1,10 BP was taken every 30 min, but the time of first measurement did not necessarily coincide with the beginning of the main meal. Therefore we chose the 2-h period after the meal as a postprandial period and compared the latter with the 2-h period before the meal.
Diurnal profile of BP according to the age has been recently studied in the population-based studies such as the Belgian Population Study, 11 PAMELA study 12 and Ohasama study. 13 Unfortunately, none of these trials addressed the problem of mealinduced changes in BP profile nor evaluated subjects with isolated systolic hypertension as a separate group. Nevertheless all these studies have shown that older, in comparison with younger subjects, presented with higher BP variability. Furthermore the analysis of the BP curves from the Belgian Study and the PAMELA survey demonstrated that a dip in both systolic and diastolic BP was observed in the early afternoon hours. 11, 12 However, data provided in both papers does not allow us to conclude with certainty that it was related to the mid-day meal or to the other factors. Nakajima et al 14 reported changes in the ABPM related to the standardised meal. The authors in a 'Letter to the Editor' demonstrated that a postprandial fall occurred in 18 (36%) of 50 middle-age hypertensive subjects.
The reproducibility of the postprandial decrease in BP in the present patients with ISH was high in the group analysis but much worse for individual patients. In a study by Jansen et al 15 who evaluated the reproducibility of postprandial BP changes in 22 nursing home residents after a standardised meal, on two occasions the mean intra-class correlation was significant for both SBP and DBP. In our group ABPM was performed in the everyday life. The timing, composition and temperature of the meals etc might therefore influence the intra-individual reproducibility of BP postprandial changes. As we were concerned that nutritional habits might differ between countries, we analysed the postprandial fall according to the place of residence, but the magnitude of the meal-induced fall was similar across Europe.
In conclusion, about 70% of elderly patients with ISH experience a postprandial fall in BP measured in everyday circumstances, and in one-quarter of them a decrease of more than 16 mm Hg in SBP or 12 mm Hg in DBP occurred. Follow-up of these patients in the SYST-EUR trial may demonstrate whether those with the more pronounced postprandial decrease in BP are at higher cardiovascular risk.
